Cyclin-dependent kinases (CDKs) are a family of serine/threonine protein kinases which play a pivotal role in the eucaryote cell cycle regulation. We have identified the Xenopus homologue of mammalian CDK4 (XCDK4). The protein sequence of XCDK4 has 78 and 77% overall identity to human and mouse CDK4, respectively. Northern blot analysis revealed a single transcript of approximately 4.5 kb present at various stages. XCDK4 transcripts show very dynamic expression during early development. The level of expression is higher during cleavage and gastrulation. In situ hybridization analysis revealed that the transcripts are enriched in the dorsal mesoderm at the beginning of gastrulation, then extend to both the lateral and ventral mesoderm. At the end of gastrulation, XCDK4 transcripts are mainly distributed in the blastoporal region and in the anterior neural fold. During neurulation they become restricted to optic vesicles and to neural crest cells organizing the branchial arches. As development proceeds, XCDK4 transcripts are highly expressed in the branchial arches. At late tail-bud stages, XCDK4 transcripts are also detected in ventral hematopoietic precursor cells. Therefore, this analysis clearly shows that XCDK4 has a regionalized expression during Xenopus embryogenesis.
Results
Several members of the cyclin-dependent kinase family are involved in embryonic cell cycle regulation during early Xenopus development. The role of cdc2 (CDK1) and CDK2 in regulating the cell cycle as well as mid-blastula transition in Xenopus has been described (Guadagno and Newport, 1992; Hartley et al., 1996 Hartley et al., , 1997 . We have isolated a fulllength cDNA encoding a novel Xenopus CDK. The deduced protein sequence has characteristic features expected of members of the CDK family (Fig. 1) . It has 78 and 77% overall identity to human (Hanks, 1987) and mouse (Matsushime et al., 1992) CDK4, respectively. It also shows 72% overall identity to human CDK6. Identities to other members of the CDK family are less important. In particular, comparison with the known Xenopus CDK2 (Paris et al., 1991) shows 48% overall identity. Therefore this clone most likely represents an additional member of the CDK family in Xenopus. Because of its highest identity to human CDK4, this clone is designated XCDK4.
RNase protection analysis of the temporal expression of XCDK4 shows that it is expressed as a maternally-derived RNA. High level of expression is detected during cleavage and gastrula stages. The expression level is slightly lower during neurulation and tail-bud stages, and decreases sharply at larval stage ( Fig. 2A) . Northern blot analysis indicates that a single transcript of approximately 4.5 kb is expressed at various stages of development (Fig. 2B) .
Members of the CDK family were shown to have distinct tissue functions. For example, CDK5 is expressed in embryonic mouse nervous systems and plays a critical role during neuronal differentiation (Tsai et al., 1993; Nikolic et al., 1996) . In situ hybridization analysis has revealed a restricted expression of XCDK4 during early development. The expression of XCDK4 transcripts is first enriched in the dorsal mesoderm at the beginning of gastrulation (Fig. 3A) , and then extends to the lateral and ventral regions by midgastrula stages (Fig. 3B ). At the end of gastrulation, the transcripts are expressed around the blastopore and in the dorsoanterior region (Fig. 3C,D) . During neurulation expression of XCDK4 is essentially detected in the posterior mesoderm, and at the level of anterior neural folds which will form the optic vesicles and anterior neural crest. No expression is detected in the trunk neural fold or the neural groove ( Fig. 3D-F) . As development proceeds, XCDK4 transcripts become enriched in the optic vesicles and in the migrating neural crest cells that will give rise to the branchial arches (Fig. 3G,H) , while their expression in the posterior mesoderm becomes barely detectable. Higher level of expression persists in the optic vesicles and branchial arches during tail-bud stages (Fig. 3I-K) . Interestingly, at the end of the tail-bud stage, XCDK4 transcripts are expressed in the ventral region of the embryo, beginning on both sides of the heart and extending into the vicinity of the proctodeum (Fig. 3L) . These ventral cells most likely correspond to hematopoietic precursors. Our results therefore reveal a restricted expression pattern of XCDK4 in the early embryo. 
Methods

Isolation of XCDK4 cDNA
A partial cDNA encoding a novel Xenopus CDK was obtained initially by PCR using degenerate oligonucleotides corresponding to consensus motifs of serine/ threonine protein kinases. This PCR product was used to screen an oligo-d(T)-primed lZAP II larval stage cDNA library (gift from Dr. D. W. DeSimone; University of Virginia, Charlottesville), as previously described (Shi et al., 1992) . One positive plaque was obtained and rescued as pBluescript phagemids (Stratagene) by in vivo excision according to the manufacture's protocol. The nucleotide sequence was determined using the Sequenase Version 2.0 kit (USB).
RNase protection assay and northern blot
Obtaining of Xenopus eggs and extraction of RNA were as described previously (Launay et al., 1996) . Embryonic stages were determined according to the table of Nieuwkoop and Faber (1967) . The XCDK4 template is an EcoRI/Apa I fragment (nucleotide position 490-646). RNase protection and northern blot were performed as previously described (Shi et al., 1992; Launay et al., 1996) . 
In situ hybridization
In situ hybridization was performed as described (Harland, 1991) . Briefly, embryos were treated for 10 min by proteinase K (10 mg ml
−1
). Following refixation with 4% paraformaldehyde and prehybridization, hybridization was performed overnight at 60°C. The embryos were then treated with RNase A and RNase T1 at 37°C and washes were done sequentially with 2 X and 0.2 X SSC at 60°C, followed by washes in MAB (100 mM maleic acid, 150 mM NaCl, pH 7.5) at room temperature. The embryos were then incubated in MAB and 2% Boehringer Mannheim Blocking Reagent (BMB), followed by MAB, 2% BMB and 20% heat inactivated lamb serum. Incubation of embryos with anti-digoxigenin antibody coupled with alkaline phosphatase (Boehringer Mannheim) was performed for 4 h at room temperature. After extensive washes in MAB for 24 h, chromogenic reaction was done using BM purple as substrate (Boehringer Mannheim).
